[Purpose] The purpose of this study was to investigate the effect of task-oriented training and neurodevelopmental treatment (NDT) on the sitting posture of children with cerebral palsy.
INTRODUCTION
To maintain a sitting posture, control by the trunk is essential. When the upper limbs move around the center line, the trunk plays the role of a base and "postureregulator," thereby balancing the body 1) . Among the trunk muscles, the rectus abdominis and erector spinae play major roles in controlling the sitting posture 2) . Children with cerebral palsy (CP) have difficulty in posture control because of primary damage to the nervous system and secondary effects on the musculoskeletal system. In particular, children with spastic diplegic CP have excess muscle tonus around the lower limbs and pelvis. They also have difficulty in posture control, muscle coordination disorder, muscle weakness, motor control disorder, sensory disturbance, and muscle contracture. The difficulty with posture control owing to these abnormalities is obvious and consequently, functional movement while sitting is limited 3) . Recent movement control theories suggest that treatment with functional tasks that involve identification of movements is more effective than the simple practice of movements. The movement is learnt efficiently when the patient actively tries to resolve the problems posed by the functional tasks 4) . Neurodevelopmental treatment (NDT) is the most commonly used treatment for children with CP, and many studies have reported its effects. Against this background, in this study, we evaluated changes in after the gross motor function measure (GMFM) scores and the extent of muscle vitalization in the sitting posture conducting task-oriented training for children with spastic diplegic CP, in order to reveal the efficiency of the functional task-oriented treatment approach.
SUBJECTS AND METHODS
Ten children with spastic diplegic CP aged between 2 and 9 years were randomly assigned to either an experiment group (2 boys and 3 girls, mean gestational period=31.60 weeks, average age=41.20 months ) or a control group (3 boys and 2 girls, mean gestational period=30.20 weeks, average age=48.11 months). They attended 'D Clinic' and 'B Disabled Welfare Center' in 'B' City in Korea. The selection criteria for the inclusion of these children in the study were as follows: Confirmed diagnosis of spastic diplegic CP due to premature birth and a diagnosis of periventricular leukomalacia confirmed by magnetic resonance imaging; Ability to perform other movements in addition to sitting, i.e., the B items listed among the GMFM items; Ability to comprehend instructions given by the trainers; Parent's consent to participation of their wards in the study after having read the "experiment participation agreement" and "guide to the experiment". The control group received NDT, and the experimental group received the task oriented approach for improving sitting posture control 30 min per session, 5 times per week for 6 weeks. Three pediatric physical therapists (one tester and two therapists) also participated in this study. Assessments were conducted by a physical therapist. The therapists who conducted the examinations were trained in the test procedure, and were blind to the group assignment of the children. The pace of the task-oriented training program was such that it allowed the subjects to perform the tasks comfortably 2) . For tasks involving stretching of the pelvis/ lower limbs and those for improving the control of muscle tonus through a separation movement, the methods of Day et al. (2004) 5) and Carr & Shepherd (1998) 6) were adopted. Muscle power training with a ring was employed to strengthen the lower trunk muscles and lower limb muscles. For this purpose, the methods of Langhammer (2003) 4) and Carr & Shepherd (1998) 6) were adopted. The ring-holding task was undertaken to enable the movement of the lower limbs, while inhibiting an increase in the muscle tonus of the upper limbs, as the children maintained the trunk balance between front/rear and left/right. The methods of Tecklin (1999) 7) and Wu et al. 8) were adopted for this program 4) . For the task that involved standing up from a sitting position, the methods of Day et al. (2004) 5) and Dean (2000) 9) were adopted. A task performed using balls was adopted from the work of Dean (2000) 9) and Michaelsen (2006) 10) . While sitting, the children spontaneously control the extent of the body movement by using a treatment ball. This task increases the children's concentration 11) . Individuals were assessed before and after treatment, using the GMFM and electromyography (EMG). EMG measures the degree of activity of the tested muscles. In this experiment, we conducted GMFM tests in the B category (sitting) to evaluate the improvement in movement ability. The GMFM took 5 minutes in this study. The reliability among users of the Korean version of the GMFM is 0.76 to 0.98 11) .
Electromyograms of the rectus abdominus and erector spinae muscles were obtained using Surface EMG Signal MP150 WSW (BIOPAC System Inc. CA, USA). MediTrace Mini Electrodes (Ludlow Technical Products Canada, Ltd.) were used. The quantification of the collected signals during the contraction of each muscle was achieved by the root mean square method. The degree of muscle vitalization was analyzed by measuring the muscle activity for 1 second 12) . The methods used for the measurement of posture and movement were those reported by Cram 13) . Nonparametric statistics were used; the Wilcoxon signed rank test was used to identify differences between before and after the treatment and the Mann Whitney U-test was employed to identify differences between the 2 groups. SPSS for Win 12.0 was used for the analyses, and differences were considered significant at values of α<0.05.
RESULTS
The B category score in the GMFM and right rectus abdominis muscles activity did not improve in either group with treatment. However, the activity strength of the left rectus abdominis muscles, right and left erector muscles had significantly increased in both groups after treatment (p<0.05). They were no differences in the GMFM and EMG between the experiment and control groups. (Table 1 , 2).
DISCUSSION
In this study, task-oriented training and NDT were conducted with children with CP, and the degree of muscle vitalization in the sitting posture and GMFM were evaluated. The children performed intensive tasks which are effective for improving the muscular strength and increases functional activity in children with CP 14) . Dean et al. (1997) 15) reported increased reaching arm and muscular activation on the lower extremity after task-oriented training. In this study, both groups showed a significant increase in muscle vitalization, especially that of the erector spinae muscles after treatment, but there were no difference with regard to the difference in the GMFM and EMG between the experime nt and control groups. Analysis of the electromyographic findings revealed no significant difference in the rectus abdominis muscles; however, the erector spinae muscles showed a significant increase in the amplitude after treatment. Several studies have been conducted on muscle vitalization, especially that of the erector spinae muscles because of the importance of body dynamics and the muscles that are involved in the sitting posture 16) . Van der Heide et al. 2) measured the trunk muscle activity of children with CP of school age. They found that although the rectus abdominis muscles were inactive in most cases, the erector spinae muscles and some inner abdominal oblique muscles were vitalized. This may be related to the fact that school-age children have to spend long hours sitting and they overuse their erector spinae muscles to maintain the sitting posture. The task-oriented training, which incorporates several daily movements, can be used as a treatment strategy to improve posture control. Through such a training, patients can learn various ways to resolve the tasks, and these tasks are more effective than simple muscle patterns. Our results suggest that the taskoriented treatment and NDT for children with CP yield improvements in their muscle vitalization during sitting. However, this result cannot be generalized from this research because the study population was too small. 
